Summary Cervical cancer incidence and mortality can be reduced by removal of precursor lesions detected at cytological screening. Organised screening, i.e. regular invitation of defined target groups, is generally considered more effective than opportunistic screening. The latter method however, is predominant in most settings. There is no scientific basis for advocating one type of screening or the other. Our aim was to compare the two types and to analyse their efficiency. We analysed 466 275 smears taken in an open cohort of 118 890 women during . A computerised database permitted standardised classification of all smears and complete ascertainment of cancer in situ through record linkage. The number of in situ cancers detected per 1000 smears, the detection ratio, was used as an outcome measure both in univariate analyses and in multivariate logistic regression models. Cancer in situ was detected in 1076 women in the study cohort, with a detection ratio of 3.0 at organised and 2.1 at opportunistic screening, yielding an unadjusted odds ratio of 0.69 (95% CI 0.61-0.79). After adjustment for age and time period, the probability of detecting cancer in situ was around 25% higher with opportunistic than with organised screening (OR = 1.26; 95% CI 1.09-1.46). This difference in favour of opportunistic screening was most pronounced in the first 10 year period and disappeared during the last decade. The difference in efficiency between organised and opportunistic screening in the detection of cancer in situ was slight, if any. The dogma that organised screening is significantly more efficient than the opportunistic type needs reconsideration.
Organised cytological screening -in which defined target groups are regularly invited for screening -is generally considered the most efficient tool for reducing the incidence of cervical cancer and its mortality (Hakama, 1982 (Hakama, , 1986 Draper and Cook, 1983; IARC, 1986; Liiiirii et al., 1987; Anderson et al., 1988; Hakama and Louhivuori, 1988; Day, 1989; Lynge et al., 1989 Lynge et al., , 1992 Storm and Jensen, 1989; Koopmanschap et al., 1990a,b; Miller et al., 1991a,b; ) . It is assumed to reach the whole female population, particularly women at high risk, more completely than opportunistic screening, which is carried out on the woman's or physician's initiative (Hakama, 1986; Liaara et al., 1987; Hakama and Louhivuori, 1988; Day, 1989; Miller et al., 1991b) . Investigators assume that the successful screening in several Nordic countries, mainly Finland and Sweden, is the result of good organisation (Draper and Cook, 1983; Day, 1984 Day, , 1989 Hakama and Louhivuori, 1988; Storm and Jensen, 1989) and that the failure of screening in Great Britain, for example, is due to poor organisation (Cook and Draper, 1984; Hakama, 1986; Murphy et al., 1987; Day, 1989) . We found only one paper with a different view (Pettersson et al., 1985) .
Belief in the advantages of organised screening may not be well founded, however, since smears taken outside organised programmes account for a major part of the successful screening activity in, for instance, Finland and Sweden. Indeed, to our knowledge, no quantitative comparisons of organised and opportunistic screening have been reported. There is also strong evidence that screening has in fact had an effect even in Great Britain, although the benefit has been partly concealed by birth cohort effects on the incidence, and limited by organisational defects, low coverage and incomplete diagnostic work-up (Hill and Adelstein, 1967; Chamberlain, 1984; Cook and Draper, 1984; Elwood et al., 1984; Parkin et al., 1985; Knox and Woodman, 1988; NHS Cervical Screening Programme, 1991) .
Our aim was to estimate the separate effects of organised and opportunistic screening in detecting cancer in situ in a Swedish setting. When screening started in the late 1960s in Sweden, women between the ages of 30 and 49 years were invited to attend for cytological testing every 3-4 years. Nevertheless, smears taken outside the organised programme soon accounted for 75-80% of all smears. This setting provided an opportunity to compare organised and opportunistic screening regarding the probability of detecting cancer in situ. We restricted our study to the county of Uppsala in central Sweden, which offers a computerised register of data on cytological smears taken since 1969.
Materials and methods

Setting
The public medical service in Sweden is divided into 26 financially and administratively independent areas. Charges for medical services are kept low enough to permit all citizens equal access to public health care. Screening for cervical cancer started on a limited scale in 1961, and an organised programme was introduced in November 1967. In the beginning all women aged 30-49 (later 25-49) years were invited to attend every 3-4 years. Initially the organised screening was run independently of opportunistic screening. However, since 1972 only women with no smears registered during the last 3-4 years have been invited for screening. The compliance has declined from 60% to 50% over the study period. In the organised programme smears are taken by specially trained midwives.
The female population of the county of Uppsala in central Sweden increased from 100 200 in 1969 to 131 400 in 1988. All smears taken in the county are classified according to the Papanicolaou scheme (Papanicolaou and Traut, 1943; Papanicolaou et al., 1948; Papanicolaou, 1954) into five groups ranging from normal (Pap 1) to squamous carcinoma (Pap 5). Women with a slightly abnormal smear or with cytological abnormalities (Pap ) 3) are invited to have a second smear taken, usually within 3 months. Those who do not attend are reminded after 6 months.
In the organised programme a more active follow-up is initiated in certain subgroups of women. 
Ascertainment of cancer in situ
Since 1958, all physicians in Swedish hospitals and other establishments for medical treatment under public as well as private administration have reported cases of diagnosed cancer to the national cancer registry. In addition, pathologists and cytologists separately report every cancer diagnosis based on surgical specimens and autopsies. Thus, the majority of cases are notified twice to the registry (National Board of Health and Welfare, 1973-91) . The cancer registry also demands reporting of 'cancer in situ and severe dysplasia which is on the borderline of this' (Medicinalviisendet, 1968; SOSFS, 1982 SOSFS, , 1984 .
Definition of study cohort
The national registration numbers were used to link the cytology register to the national cancer register. Information from the cancer register was copied into the cytology register. A total of 1655 cases of cancer in situ had been registered in the study cohort during follow-up in 1969-88. All smears taken after a diagnosis of cancer in situ or invasive cervical cancer (19 991 smears) were excluded from the analysis.
We lack information about migration to and from the county of Uppsala. A large number of women lived there for only a few years, e.g. when studying at one of the two universities. Some of these women were screened within the county but had cancer in situ detected outside the county. These women were included in the study cohort if the preceding smear had been taken within the county less than 1 year before their cancer in situ was diagnosed. This procedure excluded another 522 women (and 1129 registered smears), mostly women who had had a single smear taken within the county several years before the diagnosis of cancer in situ. The vast majority of these women would not have been included if we had accepted only the cancer in situ cases that were diagnosed inside the county of Uppsala. However, we would then have lost a few cases whose screening history we already knew. Women with cancer in situ confirmed within the county, but without sufficiently ascertained screening histories in the cytology register, were not included.
For each woman with a detected cancer in situ we used an algorithm to identify the preceding smear that led to the detection. The woman's file of smears was read backwards over time until a smear classified as slightly abnormal or worse was found. We excluded from the analyses 32 women with cancer in situ whose smears could not be classified reliably. The study cohort finally comprised 118 890 women with 466 275 primary smears, and among these women there were 1076 cases of cancer in situ.
To test whether women at high risk of developing cancer in situ selectively chose organised or opportunistic screening, we examined women (born 1940-44) with m organised vs n opportunistic smears for m, n = 0,1,2. . . Among 12 615 women, 70% of those with two smears or more had had at least one of them in each category. In women with at least three smears this figure was 75%. By plotting histograms (data not shown) for women with the same number of smears, we found that participation in only organised or only opportunistic screening was rare.
Statistical methods As a measure of the outcome, we chose the number of cancers in situ per 1000 primary smears, referred to below as the detection ratio. Age standardisation was performed to the Swedish census 1970 (National Board of Health and Welfare, 1973-91).
In the modelling of factors that influenced the probability of obtaining a diagnosis of cancer in situ, the logistic regres-Cytological screening for cervical cancer L Gustafsson et al sion model was used. Denoting this probability P, the model assumes that ln P/(1-P) = Po + PfX1 + ... + kXk where XI, . . . Xk represent the explanatory variables type of screening, period, age and time interval since previous smear. The explanatory variables were used in categorised form, with categories as shown in Table III . The model was estimated by the maximum likelihood method. From the estimated beta parameters and standard errors, odds ratios with confidence intervals were computed. For the present data the odds ratios are almost identical to relative risks. The standard version of the model requires independence between observation units. However, in the present case women are only included in the study until the registration of the first cancer in situ diagnosis. This means that the modelling can be seen as an application of the discrete time proportional hazards model. In this case results from the standard logistic regression model are valid even if more than one smear is included from a woman (Breslow, 1992) .
Dynamic modelling
The detection ratio would not adequately reflect the benefit of screening if the probability of progression to invasive cancer differs between cancers in situ detected by organised and those detected by opportunistic screening. Since the mean interval between two smears was longer for organised than for opportunistic screening (see below), it was important to investigate to what extent this might have affected the probability of progression.
We used a dynamic simulation model, previously described in detail (Gustafsson and Adami, 1989) , to estimate the proportion of progressing cancers in situ associated with screening intervals of 1.9 and 3.3 years and with different screening sensitivities. The compartmental model describes the dynamic process from a healthy state, to preinvasive cancer, to preclinical invasive cancer, to clinical invasive cancer. In this model, the detection (and elimination) of cancer in situ was the determinant of the subsequent reduction in the incidence of invasive cancer. Our model, previously fitted to Swedish data, provided estimates of sojourn times, percentages of progression and regression of cancer in situ (Gustafsson and Adami, 1989) and the benefits of screening (Gustafsson and Adami, 1990) . By running this model until a 'steady state' was reached and then by removing a certain proportion of cancers in situ (determined by an assumed test sensitivity), the situation after screening was simulated.
To estimate the effect of renewed screening a certain number of years after the preceding one, we ran the model for another 1.9 and 3.3 years, and once again removed a proportion of the cancer in situ cases determined by the smear test sensitivity. Without screening, a proportion of these removed cancer in situ cases would have progressed to invasive cancer. This proportion could be calculated for the different time intervals when the removed cancers in situ are run through the dynamic model. We also ran the model for different assumptions of smear test sensitivity. For further details, see Gustafsson and Adami (1989) .
Results
Screening activity
The number of smears, the number of cancers in situ and the detection ratio at organised and opportunistic screening are shown in Table I 1969-73, 1974-78, 1979-83 and 1984-88 (Table I ). The detection ratio decreased over time. For a few years it was more than 5 per 1000 primary smears at both organised and opportunistic screening. This was followed by a steady decrease to between 1.5-2 per 000 in the mid-1980s (Figure 3a) . When adjusted for age, the detection ratio was higher at opportunistic than at organised screening until 1978, and similar thereafter (Figure 3b ).
The age-specific detection ratios peaked around ages 25-35, and rapidly declined (Figure 4 ). At ages 35-50, the ratio was somewhat higher at organised than at opportunistic screening. The data were further analysed separately for the 10 year periods 1969-78 and 1979-88 (data not shown). In the first period the detection ratios peaked at about 5 per 1000 smears; during the second they were about 2 per 1000 smears. Figure Sa shows the distribution of smears by time interval since the previous smear (of any kind) for all primary smears taken at organised and opportunistic screening during 1971-88 in women aged . Since the first registered smear had no predecessor, the numbers of first smears for organised and opportunistic screening are shown separately. At opportunistic screening, the elapsed time was typically 0-3 years with an average of 1.9 years (first screening not included). At organised screening, the intervals were longer, mostly 1.5-6 years with an average of 3.3 years. We also compared the detection ratios for organised and opportunistic screening by time interval since previous smear. The detection ratios at organised and opportunistic screening were about the same over most of the time intervals ( Figure   5b ). (Table II) . Without adjustment, opportunistic screening was 31% less efficient than organised screening in detecting cancer in situ (OR = 0.69; 95% CI 0.61-0.79) (Table III) . When adjusted for age and time period we obtained an OR of 1.26 (95% CI 1.09-1.46). After additional adjustment for time interval since previous smear, opportunistic screening was overall 45% more likely to detect cancer in situ (OR = 1.45; 95% CI 1.24-1.70) than was organised screening. The significant interaction term between screening type and time period indicates, however, that the efficiency of opportunistic compared with organised screening varied markedly over time. The odds ratios of detecting cancer in situ for opportunistic compared with organised screening were 2.19 (95% CI 1.75-2.73), 1.39 (95% CI 1.03-1.87), 0.89 (95% CI 0.66-1.21) and 0.75 (95% CI 0.52-1.09) in the 5 year time periods from 1969 to 1988 (Table III) . Hence, opportunistic screening was superior during the first decade, whereas the effect of the two types of screening was largely similar during the last decade.
The model also provided estimates of the effects of time period, time interval since previous smear and age on the probability of detecting cancer in situ (Table III) . In univariate analysis, the probability was more than five times higher during the first than during the last 5 year period, with a regular trend (Table III) . The effect of time since the previous smear was analysed with more than 5 years as the reference group. The likelihood of detecting cancer in situ was reduced markedly and highly significantly during the first 4 years after a smear, whereafter it approached the reference category. The relatively high odds ratios within the first year, evident also in Figure 5 , are probably explained by a smaller proportion of secondary smears misclassified as primary. When age 30-34 was used as a reference, the odds ratios decreased successively at younger and older ages. The odds ratio was about 0.5 at ages below 25 years and between 40 and 50 years, while it was less than 20% above the age of 50. For more details see Gustafsson et al., 1995 (submitted) .
Dynamic modelling
The dynamic model was used to investigate whether the overall probability of progression to invasive cancer differed between cancers in situ detected at organised screening and those detected at opportunistic screening. This probability depends on the time since the previous smear and the smear test sensitivity. For organised screening the average time interval between smears was about 3.3 years, and for opportunistic screening it was about 1.9 years. For a sensitivity of 0.90 the ratio of cases detected at organised screening that would have progressed to invasive cancer to those detected at opportunistic screening was 1.01. The corresponding figure for a sensitivity of 0.75 was 0.985, and for a sensitivity of 0.50 it was 0.984.
Discussion
We used prospectively collected data to compare organised and opportunistic screening in terms of ability to detect cancer in situ. The study cohort comprised all women who had been screened at least once. The time period included the time of introduction of large scale screening, when prevalent cases predominated, and the more stationary phase thereafter. Since it is assumed premalignant lesions are eliminated by screening, we used cancer in situ rather than invasive cancer as the end point. Our results would not reflect the true impact of screening on the incidence of cervical cancer and its mortality if cancer in situ cases detected at organised and opportunistic screening differed in their probability of progressing to invasive cancer. The dynamic modelling suggested, however, that this difference, if any, was negligible. Hence, we propose the detection ratio as a valid measure of aFor each time period organised screening was used as the reference category.
The multivariate estimates are from model 6 in Table II . This model allows the effects of spontaneous screening to vary between time periods. Organised screening was used as the reference category.
screening efficiency for the purpose of comparing organised and opportunistic screening. According to our data, opportunistic screening was as likely to detect cancer in situ as was organised screening. The overall similarity between the two types of screening is seen in Figures 3 and 4 , but multivariate analysis is required for a more informative quantitative comparison. The crude odds ratio of 0.69 -indicating a 31% lower probability of detecting cancer in situ at opportunistic screening than at organised screening -is confounded by the difference in the distribution of the two screening types over time ( Figure 1 ) and age (Figure 2) .
After adjustment for time period and age it became evident that opportunistic screening was more efficient in detecting cancer in situ than was organised screening during the first 10 years of our study. However, during the last 10 years there was no significant difference between the two types; if any, there was a tendency for organised screening to be more efficient (Table III) . These estimates were also adjusted for time interval between smears. To reflect reality we would probably prefer a model without adjustment for this variable. In fact, this gives similar odds ratios, but indicates a smaller advantage of opportunistic screening during the first 10 years and a somewhat larger advantage for organised screening in the last decade, although these estimates are still not statistically significant.
The interaction between type of screening and time period may be best understood in light of the decreasing overall detection ratio from the first to the last 5 year period (Table   III) . Several factors are likely to cause this trend. First, the diagnostic yield should be higher during the first years after screening was introduced since many prevalent lesions are detected at a first screening. Secondly, the diagnostic criteria for cancer in situ -including severe dysplasia -are vague, vary greatly between pathologists (Bergstrom et al. 1993 ) and have probably become more stringent in the county of Uppsala in recent years. Thirdly, it is probable that the opportunistic screening has changed from mainly smear-taking on indication to routine examination in maternity wards and family planning clinics. Theoretically, the negative trend in the detection ratio may also result from a decrease in test sensitivity or a reduction of the incidence of cancer in situ in the screened population. These factors are unlikely to play a practical role, however; if anything, there is evidence that the incidence of cancer in situ has increased, at least in younger women (Gustafsson, 1986) .
We believe that subject selection is more important. Sexually active women at relatively high risk of developing cancer in situ may have been overrepresented among screened women during the early years. They may also have been detected more readily at opportunistic than at organised screening. This could account for the finding that the detection ratio was approximately twice as high at opportunistic as at organised screening during the first 5 year period but did not differ significantly in the last decade (Table III) .
Ths risk of being diagnosed with cancer in situ increases for at least 4 years after a normal smear. The higher odds ratio at less than 1 year may be the result of misclassification of some symptomatic or secondary smears (Table III) .
We failed to identify biases that could have concealed a true benefit of organised screening. Indeed, organised screening was partly a safety system for women considered to be at Cytological screening for cervical cancer L Gustafsson et al 504 high risk, as described in the Materials and methods section. Nevertheless, more than 70% of all cancers in situ were detected at opportunistic screening. Although we have no empirical support, it is conceivable that the test sensitivity differs between organised and spontaneous screening. However, the empirical evidence suggests that midwives are at least as capable of taking smears as general practitioners (Ahlgren et al., 1969; Bhargava et al., 1993; Mitchell, 1993) .
How representative are our data? Over the years, opportunistic screening has accounted for 75-80% of all smears in Sweden as a whole (National Board of Health and Welfare, 1982; Pettersson et al., 1985) and for 78% of primary smears in the county of Uppsala. Screening for cervical cancer has been as successful in the county of Uppsala as in Sweden (National Board of Health and Welfare, 1973-91; Gustafsson and Adami, 1989) ; in the birth cohorts screened most extensively, the incidence of and mortality from cervical cancer have been reduced by about 70% in Sweden (Gustafsson and Adami, 1990) . Hence our results can probably be generalised at least to the Swedish population.
Are our data informative for those intending to start cytological screening and for those who want to improve the efficiency of ongoing screening, organised or opportunistic? At least they challenge our prior belief in a definite advantage of organised screening, shared by many other investigators (Hakama, 1982 (Hakama, , 1986 Draper and Cook, 1983; IARC, 1986; Laara et al., 1987; Anderson et al., 1988; Hakama and Louhivuori, 1988; Day, 1989; Lynge et al., 1989 Lynge et al., , 1992 Storm and Jensen, 1989; Koopmanschap et al., 1990a,b) . Although preference for one type of screening by certain groups of women could not be assessed directly in our observational study, we found no support for the idea that opportunistic screening selectively reaches women at low risk. Overscreening is a more evident feature of opportunistic screening in our setting. An increase in the mean interval between smears from less than 2 years to, say, 3 years or longer would probably reduce the costs substantially, whereas the benefit of screening would remain largely similar (Gustafsson and Adami, 1992) . A longer interval between opportunistic screenings can probably be brought about through a combination of organisational change, a wellconsidered health care policy and public as well as professional education. We also believe that an important aspect of the Swedish setting is the fact that diagnostic work-up and treatment of abnormal smears are standardised and independent of type of screening. Therefore we regard it as important to make similar studies in other settings and to incorporate also the economic aspects of type of screening before designing a screening programme.
We wish to suggest a more optimistic view of the efficiency of opportunistic screening. Evidently, the claim that the successful control of cervical cancer in Sweden is attributable mainly to organised screening is not well founded. In many settings, a well-thought-out use of means of promoting smear-taking initiated by women, midwives or doctors might be an efficient way to stimulate screening in a large majority of women and to increase the benefit of activities already in progress.
